Background: Little is known about people's river usage, a leading drowning location. This study examines alcohol consumption patterns of river users and their attitudes to drowning risk. Methods: A convenience sample of adult (18+ years) river users were surveyed at four river locations. The survey covered eight domains: demographics; river attendance frequency; frequency of engaging in water activities; drinking patterns; alcohol and water safety knowledge; alcohol and water safety attitudes; alcohol consumption; and Blood Alcohol Concentration (BAC). For BAC, participants were asked to record time since their last alcoholic drink and were then breathalysed to record an estimate of their BAC. BAC was examined by BAC reading (negative, positive, ≥0.050%). Hazardous lifetime drinking levels were calculated and their impact on drowning risk evaluated. Univariate and chi square analysis (95% confidence interval) was conducted.
Background
Alcohol is a known risk factor for drowning (both fatal and non-fatal) and aquatic-related injury [1] [2] [3] [4] with up to 41% of river drowning deaths involving alcohol [5] . Alcohol disproportionately affects drowning risk in males [6] [7] [8] , boating-related incidents [1, [9] [10] [11] , natural waters [8, 10] and among Indigenous populations [5] . Globally, drowning is estimated to claim the lives of 372,000 people per annum [12] , a statistic that is likely to underreport the true burden [13] . In Australia, an average of 281 people per year die from unintentional drowning. While the fatal drowning rate has reduced by 28% in Australia since 2002/03 [14] , largely driven by reductions among children under five [15] , the number of people drowning in rivers has stayed persistently high [11, 16] .
In Australia, between 2002/03 and 2011/12, an average of 289 people died in Australia due to unintentional drowning [11] . Common fatal drowning scenarios in Australia include young children drowning unsupervised in bathtubs [17] and swimming pools [15] and adult males drowning in natural waterways such as beaches, oceans and in rivers [16] due to alcohol, pre-existing medical conditions [18] and not wearing a lifejacket [19] . Rivers are the leading location for drowning in Australia [11] with leading activities being undertaken prior to drowning including accidental falls into water (21.3%), non-aquatic transport incidents (commonly driving a motor vehicle into floodwaters) (18.2%) and swimming (16.2%) . Alcohol is a known risk factor for unintentional fatal drowning in rivers in Australia, with the average adult drowning victim who had consumed alcohol prior to death recording a blood alcohol concentration (BAC) of 0.200% [5] , a figure which is four times the upper legal limit for operating a motor vehicle and powered vessel in Australia [20] .
Australia is a country with widespread alcohol consumption [21] . In 2017, 37% of Australians reported drinking alcohol on a weekly basis, almost one in five (17%) exceed the lifetime alcohol risk guidelines (more than two standard drinks per day) and 16% drink at hazardous levels (i.e. usually consuming four or more standard drinks per day) [22] . Alcohol is second only to tobacco as a cause of drug-related death and hospitalisation, responsible for 5.1% of the total burden of disease and injury in Australia in 2011 [21] . Each week, on average, more than 100 Australians die and more than 3000 are hospitalised as a result of excessive alcohol consumption [23] . People who drink regularly at higher levels place themselves at increased risk of chronic ill health and premature death [21, 22, 24] , including due to injuries such as drowning [5] .
Alcohol increases drowning risk due to its effects on cognitive processing, central nervous system processing, and physiological responses [2] . Alcohol is a vasodilator increasing the period of time someone may choose to remain in cold water thus increasing the risk of hypothermia [25] . Alcohol also causes labyrinthine dysfunction leading to decreased balance and impaired hearing and it also impairs judgement increasing the likelihood of exposure to high-risk situations [26] ; all of which contribute to increased drowning risk [2] [3] [4] [5] . In Australia, alcohol-related unintentional river drowning fatalities are significantly more likely as a result of jumping in, among those who identify as Aboriginal and Torres Strait Islander and those who drown in the evening (6:01 pm to 12 am) and early morning (12:01 am to 6 am) hours [5] .
Previously published research on river drowning has identified the need for exposure studies [5, 11, 27] and real-time data collection in the field [28] . Given the role of alcohol in fatal river drowning, there is a need to understand alcohol consumption patterns of river users, as well as attitudes to alcohol consumption and aquatic activity. Breathalysers, which estimate a person's BAC indirectly by measuring the alcohol on the breath, have predominately been used in broader injury research [29, 30] , including road traffic-related injury [31, 32] ; however only one drowning-related study has been conducted using breathalysers at Australian beaches [33] . While self-reported surveys provide an indication of the amount of alcohol consumed, breathalysing is a robust, objective measure of alcohol concentration [34] , which has shown to give a reliable estimation of BAC [35] .
Little is known about those who visit rivers, including demographics, activities being undertaken and exposure to drowning risk [5, 11, 27] . One previously published study, which used a survey of self-reported river exposure to re-calculate fatal river drowning rates based on exposure in Australia, found that males and females visited the river in similar proportions in a year (males 74.7% and females 72.2%) albeit for different activities; females significantly more likely to visit the river for non-aquatic activities (55.6%; p < 0.001) such as picnics and walking beside the river and males for fishing (11.9%; p = 0.001) and watercraft-related activities (7.1%;p = 0.020) [28] . Sixteen percent of those surveyed also reported consuming alcohol at the river [28] .
Given the influence of alcohol in fatal river drowning, this study specifically focuses on the self-reported drinking patterns of river users as well as alcohol consumption on the day surveyed. This study aimed to describe the demographic profile of river users, explore attitudes toward river safety and alcohol use at rivers and measure the BACs of river users at a point in time. The study will also discuss considerations for the prevention of alcohol-related river drowning.
Methods

Study design
A cross-sectional convenience sample of adult (18 years and older) river users were surveyed. People aged 18 years and over were chosen in accordance with ethical approval for the study design in that it only breathalysed adults. The survey featured a total of 34 questions across eight domains: demographics, frequency of river attendance, frequency of engaging in water activities, drinking patterns, knowledge (alcohol and water safety), attitudes (alcohol and water safety), alcohol consumption and BAC. Although the bulk of the survey was developed for this research, the survey domains of demographics, frequency of attendance at an aquatic location, and alcohol consumption and BAC have been previously been used in a study conducted at beaches [33] . The survey questionnaire was piloted prior to use in the field by researchers AEP and RCF. It was then also piloted by three colleagues not part of the research team. Minor modifications between the pilot and final survey phases were made, mainly moving questions to enhance the flow of the survey and modifying response categories to ensure adequate options were provided. The full survey can be viewed in Additional file 1: Understanding water safety at rivers survey form.
Potential respondents were approached, or approached the researchers, and asked to participate. The project was verbally explained to potential respondents and they were then provided with an information sheet that described the study and the ethics approval granted. If they were willing to participate, respondents noted their written informed consent (yes/no) in the first question of the survey. Respondents who completed the survey were invited to enter the draw for a $100 pre-paid credit card. Prize winner details were captured separately to survey responses. Four researchers collected data across the sites with predominately two collecting data at one time. The research team collaborated to ensure that a person was breathalysed or surveyed only once. Details on how the survey was administered (i.e. both electronically and on paper) have been published previously [36, 37] .
Each paper-based survey was linked to the ID number for the entry generated by SurveyGizmo ™ to allow for cross-referencing if required. The survey instrument collected time of day the survey was commenced and also the time of day the BAC reading was recorded. All data collected were de-identified. If any potential respondents were deemed too intoxicated to give informed consent and/or complete the survey, the interview was ended and the potential participant was not invited to participate. There were no people surveyed and breathalysed who were deemed too intoxicated to give informed consent. They were also advised not to enter the water due to being at increased risk of drowning and injury.
Study setting
Surveys were conducted at four high-risk river drowning locations namely Alligator Creek, the Murrumbidgee, Murray and Hawkesbury Rivers (Fig. 1) . A detailed description of the research sites including site characteristics, data collection dates and weather data [38] (maximum air temperature and total daily rainfall) can be found in Additional file 2. This study forms part of a broader suite of work examining the epidemiology, risk factors and strategies for the prevention of river drowning in Australia [5, 11, 27, 28, 36, 37, 39, 40] .
Data were collected across a 3 day period for three sites (Friday, Saturday and Sunday) and across a 7 day period (Monday to Sunday) at the Murray River. The Murray River data collection timeframe included Australia Day (Friday 26th January) which is a national public holiday in Australia. Due to the public holiday, the Murray River site was a designated 'alcohol free zone' by the local council and nominally enforced by police. At all other times and at all other sites, there was nothing in place regulating alcohol consumption beyond the requirement at Alligator Creek that no glass be taken onto the site.
Data collection occurred during the Australian summer (December-February inclusive) and during daylight savings (where the sun does not set until 8-9 pm at night). Data collection at all sites except the Hawkesbury River occurred during school holidays. To examine how river visitation, usage and alcohol consumption varied due to air temperature and rainfall, weather data were captured retrospectively from the Australian Bureau of Meteorology for each site for the days of data collection (Additional file 2: Table detailing characteristics of research sites, date of data collection, maximum air temperature and total daily rainfall).
BAC testing
BAC readings were captured using LION Alcometers (LION SD400 ™), Lion Laboratories, United Kingdom. Two devices were available to maximise data collection. Devices were calibrated by Pacific Data Solutions (Ltd) prior to data collection commencing.
The respondent was required to exhale into a straw attached to the device for a continuous period of time (generally 5-10 s) until a BAC was recorded. A clean straw was used for each participant. The BAC reading was recorded as a continuous variable to three decimal places (e.g. 0.123%). The researcher administered the breathalyser and recorded BAC reading and time of day of the reading. Those who were drinking alcohol when approached by the research team were instructed not to drink while completing the survey; thereby allowing for approximately a 10 min period prior to being breathalysed where they did not consume alcohol. Those who recorded a BAC of ≥0.050% were advised by the researcher against going back in the water due to their increased risk due to intoxication.
Data cleaning, coding, checking and statistical analysis
The final dataset of survey responses was downloaded from SurveyGizmo into IBMSPSS V20 [41] for data cleaning, coding, checking and analysis. The process of checking data transferred from paper-based surveys to the electronic database has been published previously [36, 37] . The four responses where a BAC reading was not captured were excluded from the dataset. Two responses where age of respondent was not captured were also excluded.
Age in years of respondent was coded into the following age bands to allow for comparison with previously collected data [5, 28] : 18-34 years; 35-54 years; and 55+ years. Time of day of BAC reading was recorded and BAC readings were cleaned to ensure consistency of format (e.g. time of day recoded into HH:MM using 24 h time) prior to analysis. Information on how the remoteness classification [42] and relative socio-economic status [43] of the survey respondents' postcode was coded have been previously published [36, 37] .
The activity of 'recreate' beside water relates to activities undertaken for leisure purposes, such as picnics, reading a book, sun bathing etc. For the question regarding frequency of engaging in water activities at rivers in the last 12 months, answers were converted into a dichotomous variable with 'sometimes' and 'always' recoded as 'yes' and 'never' and 'N/A -Don't do this' recoded as no. Those with a blank response were removed prior to analysis.
Attitudinal questions required respondents to indicate their level agreement with statements on a five point Likert scale (strongly agree, agree, neither agree nor disagree, disagree, and strongly disagree) with a 'don't know' option. For ease of analysis, 'strongly agree' and 'agree' were combined into 'agree' and 'disagree' and 'strongly disagree' were combined into 'disagree'). This left four categories for analysis: agree, neither agree nor disagree, disagree and don't know. Attitudinal questions asked included: "It's okay to drink alcohol on a boat (as the skipper)" and "It's okay to drink alcohol before swimming". Knowledge based questions included: "When was the last time you undertook/updated first aid qualifications (including CPR)?" Maximum daily air temperature were reported in quartiles as determined by IBM SPSS ™. For each upper end of the quartile (e.g. 24.7-31.5) this was rounded up to be displayed as (24.7-31.9 This study examined the role of alcohol in two ways. Alcohol consumption on the day was measured using BAC and hazardous lifetime alcohol use was calculated using the Alcohol Use Disorder Identification Test (AUDIT) [44, 45] . Using self-reported data on alcohol consumption, an audit score was calculated as follows: Hazardous alcohol use was calculated by adding the AUDIT scores as codified above (a + b + c). Alcohol use was considered hazardous if the resulting score was ≥3 in females and ≥ 4 in males [44, 45] .
A contributory level of alcohol was defined as a BAC of ≥0.050% due to known impacts on decision making, motor skills and being the legislated upper limit for operating a motor vehicle and watercraft in most states and territories in Australia [2, 20] . For the purposes of analysis BAC readings were divided into three categories: BAC -No (a BAC of 0.000%), BAC between 0.001and 0.049%, and a BAC of ≥0.050%.
Univariate and chi-square analysis was undertaken with a 95% confidence interval. Chi square and non-parametric testing was undertaken to compare the distribution of survey responses collected by sex and demographic variables. Non-parametric testing was undertaken using the proportional basis of the Australian population as the assumed outcome numbers. Population data were sourced from the Australian Bureau of Statistics (ABS) using the most recent data available (September 2017) [46] . For cells with small counts (i.e. < 5) a Fisher's Exact Test was used.
Ethics
Ethics approval for this study was granted by the James Cook University Human Research Ethics Committee (HREC -H7249).
Results
A total of 690 people were surveyed. After removing entries without BACs (n = 4) and without age recorded (n = 2), there remained a total of 684 responses included for analysis. Females accounted for 51.6% of the sample and 49.0% of the sample were people aged 18-34 years. Twelve (n = 1.8%) survey respondents were international tourists. The largest number of respondents was recorded at the Murray River (n = 278; 40.6%), followed by the Murrumbidgee River (n = 174; 25.4%), Alligator Creek (n = 120; 17.5%) and the Hawkesbury River (n = 112; 16.4%). Those surveyed at the Hawkesbury River were significantly more likely to be male (X 2 = 46.0; p < 0.001), whereas the cohort surveyed at the Murrumbidgee (X 2 = 3.9; p = 0.049) and Murray rivers (X 2 = 5.9; p = 0.016) were significantly more likely to be female. Age group and Index of Relative Socio-economic Advantage and Disadvantage (IRSAD) of respondent's residential postcode did not vary by sex of respondent ( Table 1) .
The leading activities being undertaken at three of the sites (Alligator Creek, Murrumbidgee River and Murray River) were walk/sit/recreate beside the river (90.0% (n = 108) of respondents at Alligator Creek; 89.1% (n = 155) at Murrumbidgee River; and 93.2% (n = 259) at the Murray River), followed by swimming (85.8% (n = 103) of Alligator Creek respondents; 87.9% (n = 153) of Murrumbidgee River respondents; and 75.9% (n = 211) of Murray River respondents). The Hawkesbury river site differed in that the top two activities were boating (82.1% (n = 92) of respondents) and water skiing (54.5% (n = 61)).
Sixteen percent (15.9%; n = 109) respondents recorded a positive BAC reading when breathalysed (mean positive BAC = 0.068%; SD ± 0.08). A slightly higher proportion of females (16.1%) than males (15.8%) recorded positive BAC readings, however sex was not found to be statistically significant for consuming alcohol. People aged 18-34 years(X 2 = 10.7; p = 0.001) and those residing in areas classified as Inner Regional (X 2 = 9.0; p = 0.003) were significantly more likely to record a positive BAC reading; while those aged 55 years and older (X 2 = 5.2; p = 0.023) and those residing in major cities (X 2 = 7.3; p = 0.007) were significantly less likely to record a positive BAC. Australian-born respondents were more likely to record positive BAC readings (17.2% positive) compared to overseas born respondents (9.3% positive) (X 2 = 4.1; p = 0.043). Respondents from postcodes classified as being low IRSAD were significantly more likely to record positive BAC readings (X 2 = 5.7; p = 0.017), when compared to those residing in postcodes classified as high (Table 2) .
Seven percent (7.2%) of respondents recorded a BAC ≥0.05%. The mean BAC ≥0.05% was 0.132% (SD ± 0.06; Range 0.001-0.334%). The mean BAC ≥0.05% for males was 0.129% (SD ± 0.09) and 0.136% (SD ± 0.08) for females. Respondents aged 18-34 years were significantly more likely to record a BAC ≥0.05% (X 2 = 7.1; p = 0.008), while those aged 55 years and older were significantly less likely to (X 2 = 6.5; p = 0.006). Respondents residing in areas classified as major cities were significantly less likely to record a BAC ≥0.05% (X 2 = 12.1; p < 0.001) while respondents from inner regional areas were significantly more likely to record a BAC ≥0.05% (X 2 = 11.0; p = 0.001). Respondents from low IRSAD areas were more likely to record a BAC ≥0.05% (X 2 = 16.5; p < 0.001) ( Table 3 ). Respondents at the Hawkesbury River site, were significantly less likely to record a positive BAC (X 2 = 15.3; p < 0.001) or a BAC ≥0.05% (X 2 = 7.9; p = 0.005). All BAC readings ≥0.05%, were recorded in the afternoon (X 2 = 6.5; p = 0.011) or evening (X 2 = 48.1; p < 0.001) with over half (57.1%) being recorded between 4 pm and 6 pm (Fig. 2) .
Respondents were significantly more likely to both record a positive BAC (X 2 = 32.3; p < 0.001) and a BAC ≥0.05% (X 2 = 32.0; p < 0.001) on the Australia Day public holiday. Twenty-six percent (26.4%) of river users breathalysed on Australia Day recorded a BAC ≥0.05% (Mean BAC ≥0.05% =0.175%; SD ± 0.09). The BACs recorded on Australia Day ranged from 0.000 to 0.308%.
Air temperature impacts alcohol consumption, with days recording cooler maximum air temperatures (< 32.0°C) significantly less likely to have respondents recording positive BACs (X 2 = 22.4; p < 0.001) or BACs ≥0.05% (X 2 = 11.3; p < 0.001); whereas days with a higher maximum air temperature (36.8-39.9) being significantly more likely to have respondents with positive BACs (X 2 = 9.1; p = 0.003) and BACs ≥0.05% (X 2 = 6.1; p = 0.013) ( Table 3) .
Respondents visiting the river alone were significantly less likely to report a positive BAC (X 2 = 4.0; p = 0.046). Respondents visiting the river with family were also significantly less likely to report a positive BAC (X 2 = 13.5; p < 0.001) and a BAC ≥0.05% (X 2 = 19.3; p < 0.001); whereas those visiting the river with friends were significantly more likely to both report a positive BAC (X 2 = 13.7; p < 0.001) and a BAC ≥0.05% (X 2 = 12.1; p < 0.001) ( Table 3) . Thirty-six percent (36.3%) of respondents reported visiting a river 1-2 times in the last 30 days, with a further Respondents who did not enter the water were significantly less likely to record a BAC ≥0.05% (X 2 = 7.9; p = 0.004), whereas those spending 301+ minutes in the water were significantly more likely to record a BAC ≥0.05% (X 2 = 16.2; p = 0.002) ( Table 3) .
River users were asked to indicate how frequently they participated in a range of activities at any river in the last 12 months. When compared to BAC reading, those who stated they had participated in the alcohol-related aquatic activities (e.g. swimming within 2 h of consuming alcohol, boating within 2 h of consuming alcohol, either as the passenger or the skipper) were significantly more likely to record a positive BAC; swimming (X 2 = 47.5; p < 0.001) and boating (X 2 = 6.2; p = 0.013). Those who self-reported swimming alone were also significantly more likely to record a positive BAC (X 2 = 6.1; p = 0.013) ( Table 4) .
Sixty-four percent (63.6%) of river users surveyed were found to consume alcohol at hazardous levels. River users who self-reported participating in all activities were significantly more likely to be drinking at hazardous levels (p < 0.05), with results most pronounced for the activities of swimming within 2 h of consuming alcohol (X 2 = 69.3; p < 0.001), boating within 2 h of consuming alcohol (as passenger or skipper) (X 2 = 12.5; p < 0.001) and jumping into a river from a height (X 2 = 17.3; p < 0.001) ( Table 4) . Thirty-five percent (34.8%) of respondents stated they sometimes (32.6%) or always (2.2%) consumed alcohol prior to visiting a river. Those who responded sometimes or always to this question were significantly more likely to record a positive BAC (sometimes X 2 = 30.0; p < 0.001 and always X 2 = 28.4; p < 0.001). Forty-eight percent (48.2%) of respondents stated they sometimes (45.1%) or always (3.1%) consumed alcohol while at the river. Those who responded both sometimes (X 2 = 25.7; p < 0.001) and always (X 2 = 40.5; p < 0.001) to this question were significantly more likely to record a positive BAC when breathalysed. Respondents with hazardous alcohol consumption levels were significantly more likely to self-report always (X 2 = 7.7; p = 0.003) or sometimes (X 2 = 63.1; p < 0.001) drinking alcohol prior to visiting a river and always (X 2 = 8.1; p = 0.005) or sometimes (X 2 = 59.1; p < 0.001) consuming alcohol when at the river (Table 4) .
River users were also asked attitudinal questions related both to alcohol and driving a motor vehicle, as well as specific aquatic-related questions (alcohol and boating; alcohol and swimming). Those who recorded a positive BAC when breathalysed at the river were significantly more likely to agree that it is okay to drink alcohol on a boat as a passenger (X 2 = 7.9; p = 0.005), that it's okay to drink alcohol on a boat as the skipper (X 2 = 10.0; p = 0.002) and to drink alcohol before swimming (X 2 = 13.3; p < 0.001) ( Table 5 ). Those with hazardous drinking levels were significantly more likely to agree with the statements 'it's okay to drink alcohol on a boat as a passenger' (X 2 = 28.5; p < 0.001), 'it is okay to drink alcohol on a boat as the skipper' (X 2 = 6.4; p = 0.011) and 'it's okay to drink alcohol before swimming' (X 2 = 9.4; p = 0.002) ( Table 5) .
Discussion
Alcohol is a leading risk factor for fatal unintentional drowning in rivers in Australia [5] . Sixteen percent of Table 4 Self-reported frequency of undertaking risky/alcohol-related behaviours at rivers in the past 12 months and drinking alcohol prior to visiting and while at the river, by BAC and hazardous drinking levels, chi square Jump into a river from a height (e.g. from tree, bridge, rocks or using a rope swing) (n = 677) Yes Table 4 Self-reported frequency of undertaking risky/alcohol-related behaviours at rivers in the past 12 months and drinking alcohol prior to visiting and while at the river, by BAC and hazardous drinking levels, chi square river users recorded a positive BAC, with 7% of these recording a contributory level of alcohol (BAC ≥0.05%). Sixty-four percent (63.6%) of river users surveyed were found to consume alcohol at hazardous levels, compared to 18% of the Australian population aged 18 years and over in 2016 [22] . River users residing in inner regional areas, areas defined as low IRSAD, who visit the river in the afternoon, with friends, on days with higher maximum air temperatures, frequent river users (11+ times in the last 30 days) and those who spend longer on average in the water (301+ minutes) were significantly more likely to have contributory levels of alcohol when breathalysed. Key findings with a focus on comparisons with previously published alcohol-related fatal drowning statistics and river exposure are discussed, as well as implications for river drowning prevention.
Alcohol consumption
A previously conducted nationally representative computerassisted telephone interviewing (CATI) survey of river users found that 16% of people surveyed self-reported consuming alcohol at a river when they visit [28] . Similarly, this study found 16% of those surveyed recorded positive BACs at the river when breathalysed. When comparing the two studies by sex and age group, 9% of females and 15% of males self-reported consuming alcohol at the river, compared to 16% of males and females respectively when breathalysed, indicating females may underreport their alcohol consumption at rivers when asked to self-report [28] .
There are inconsistencies in the drinking behaviour of river users when compared to the general population. This study found 13% of river users drink five or more alcoholic drinks per day, compared with 7% of the Australian population [47] . With respect to river users who drink at risky levels, 24% of river users surveyed stated they did, similar to 26% of the Australian population [21] . These findings suggest river users surveyed are twice as likely to drink at heavier levels daily than the general population, but are not binge drinking as much as the general population. Reducing alcohol-related drowning risk among this cohort of river users will be challenging, and starts with behaviour change in daily life, far removed from river drowning risk. This behavior is also carried into the river setting and work is required to ensure that the activity of drinking and entering the water is avoided.
Sex differences
Males continue to be the primary target of strategies aimed at reducing drowning at river locations in Australia [48] . This is warranted as males account for the vast majority (84%) of river drowning deaths where blood alcohol levels are known to be contributory [5] .
The authors note, however, that the females breathalysed in this study, are drinking at similar rates as males. Females accounted for 45% of all river users with a BAC ≥0.05%, recorded a higher mean BAC ≥0.05% (0.139%) than males (0.129%) and a higher number of females (n = 18) than males (n = 15) recorded a BAC of ≥0.100% (double the contributory level). These findings are supported by recent research that identifies rates of alcohol use appear to be converging among males and females [49] , with more females in younger cohorts increasingly likely to record higher levels of alcohol use and abuse [50] . Despite decreases among Australian males, exceeding lifetime alcohol risk guidelines in females has remained similar [22] .
Further research is warranted to examine the differences in behaviour (and the factors underpinning this) that see males and females drink at equally risky levels, but predominately males represented in fatal river drowning statistics where alcohol is involved. With clear links identified between masculinity and risky drinking behaviours around water [51, 52] , the authors postulate that males may be pressured to go back into the water and engage in risky behaviours after consuming alcohol, whereas females may be more likely to stay on the bank when under the influence of alcohol. This assumption requires further testing to examine the different attitudes between males and females influencing this behaviour. Further research should also be conducted to test this study's findings of alcohol consumption (and BAC levels) among females at more river locations.
Time of day
People who were surveyed and breathalysed at rivers in the afternoon and evening hours were significantly more likely to record BACs ≥0.05%. This mirrors analysis of fatal river drowning data in Australia that shows 64.3% of all fatal river drowning with a contributory level of alcohol occurred at such times. Evening hours show a link between fatal river drowning and contributory levels of alcohol [5] , posing a challenge for data collection. The number of people at rivers in the evening hours is scarce, however the likelihood of recording a positive BAC increased, mirroring the number of alcohol-related drowning deaths at these hours [5] . Alcohol related drowning deaths at rivers in the evening appear to be a rare yet regularly occurring event and as such, prevention of such drowning deaths will require upstream approaches to prevent the intoxicated person from drowning.
One-fifth (20%) of all fatal drownings in Australian rivers known to involve contributory levels of alcohol occurred in the early morning hours (i.e. 12:01 am to 6 am). It may be postulated that those more likely to consume alcohol in the afternoon and evening hours, be it at the river or not, are the ones who continue to drink alcohol into the early morning hours, increasing their risk of harm or injury, including drowning. While the link between risky drinking in everyday life and BACs ≥0.05% at the river was identified by this study, the assumption around time of day requires further testing to better illuminate the link between alcohol consumption, time of day and river drowning risk.
A limitation of this study was that survey and breathalysing data were not collected during the late evening and early morning hours, with the latest survey and breathalyser reading being recorded at 6:50 pm. However, numbers of river users decreased later in the day with the authors postulating that there would be very few river visitors after 8 pm at night. Alternative methods for collecting exposure and alcohol consumption-related data at rivers in both urban and regional areas during the late evening and early morning hours should be explored, and may include online surveys [28] and technological solutions such as remote camera observation [53] , however the impact of time of year and season must be considered. Collecting BAC readings poses more of a challenge but remains worthy of further exploration.
Boating
Aquatic location, activity being undertaken and exposure are all factors that may impact the likelihood and level of alcohol consumption. Unlike the other three research sites where recreating beside the water and swimming were the two main activities being undertaken, the Hawkesbury River site's top two activities were boating (82%) and water skiing (55%). The Hawkesbury River site was also the only site where respondents were significantly less likely to record positive BACs (and therefore BACs ≥0.05%).
The potential link between participation in boating activity and decreased likelihood of alcohol consumption at rivers needs further examination. Length of stay at the river may be a factor. River users who self-reported participating in boating activities were significantly more likely to stay longer at the river (301+ minutes), however this study also found a link between staying longer at the river and likelihood of having a BAC ≥0.05% (121-300 min in the water X 2 = 8.5; p = 0.007; 301+ minutes in the water X 2 = 16.2; p = 0.002), which was not found among those participating in boating (X 2 = 0.368; p = 0.544). It may be that those participating in boating activities in the sample were less likely to drink due to needing to drive their motor vehicle to the boat ramp, the monetary value associated with their vessel and the impact of damaging it and also the perception of increased likelihood of being breath tested by police either on roads or the river, given the Hawkesbury River is located in an area defined as major cities. Further investigation with this cohort is vital, given that 24% of all fatal drownings due to boating and watercraft incidents were known to involve a person with a BAC ≥0.05% [5] .
Young males and risk taking
Drowning deaths of river users as a result of risk-taking behaviours (i.e. jumping into water from height) and alcohol are more likely to be young males [5] . This study did find a link between alcohol and self-reported risk taking behaviour, with those who agreed it was okay to drink alcohol as the skipper of a boat or while swimming in a river significantly more likely to record positive BACs and to drink at hazardous levels. Further research is required to better understand the link between alcohol and risk-taking behaviour, particularly among the young male cohort. Are young males aware they are taking a risk, do they indeed engage in risky behaviour because they enjoy taking risks and would such behaviour continue without the influence of alcohol? Further research is required to understand the psychological factors impacting such behavioural choices, which in turn will influence the development of strategies that are more likely to be effective in changing such behaviour [52] .
Adolescence is described as an age of increased risk taking and impulsivity [54] and the published literature, often defines 16-21 year olds as the age group most likely to undertake risky behaviour [55] and to experience an escalation in alcohol use and misuse [56] . Due to ethical constraints, this study surveyed and breathalysed adults (18 years and over), and in reporting results, aggregated the 18-34 years age group to allow for comparison with previously published studies of alcohol-related river drowning and river exposure [5, 28] . The potential limitation of combining such disparate experiences within a heterogeneous age group must be considered and disaggregated in future studies to identify the ages of peak risk taking from an alcohol-related drowning prevention perspective. Further work is also required to examine underage drinking and the impact this has on drowning risk.
Public holidays
It has long been postulated by drowning prevention researchers and practitioners that there may be increased risk of drowning on public holidays [57] , due to opportunities for exposure to water as a result of more leisure time (adults not at work and children not at school) [58, 59] , the celebratory nature of the occasion, and the consumption of alcohol [60] . This study found a link between the Australia Day public holiday and increased alcohol consumption at rivers, with a mean BAC among those who were consuming alcohol on Australia Day being 0.114%.
The site where data were collected on Australia Day had been designated an 'alcohol free zone' by the local council. However, as the data presented in this study shows, alcohol continued to be consumed, sometimes to excessive levels (e.g. the highest BAC recorded on Australia Day was 0.308%). The findings of this study have identified challenges around controlling safe alcohol consumption at public locations. Despite research showing public support for restrictions on alcohol consumption in public places [61] , alcohol-free zones are unlikely to be effective without public awareness and enforcement of rules. Future questions to be answered include: Are alcohol-free zones likely to succeed in preventing all river users from drinking, or just those who do not drink at risky levels? Does it allow those who would drink to excess to 'have the day off' or does it move those who wish to drink to other, potentially less safe, locations to drink? What is the effect of such alcohol-free zones and are there other strategies to reduce alcohol consumption at rivers?
A limitation in being able to explore the link between public holidays, alcohol consumption and drowning risk, is that this data represents one public holiday at one aquatic location only. Further research is required to determine whether the phenomena is true of other public holidays, other rivers, and other types of aquatic location.
Air temperature
The results of this study appear to indicate a link between hot weather and alcohol consumption. River users who were breathalysed on days with a maximum air temperature (36.8°C-39.9°C) were significantly more likely to record both positive BACs and BACs ≥0.05%. This finding may be used to guide the timing of prevention messages around alcohol risk and drowning in the lead-up to predicted high temperatures and the summer months.
The link between air temperature and drowning risk (not alcohol-related) has previously been explored. A study in Canada found a 69% increase in risk of outdoor drowning when temperatures exceeded 30 degrees Celsius [62] . While a study from Australia found air temperature did not impact beach visitation between genders, there was a slight impact on beach visitation by age group [63] . This impact of hot weather and alcohol-related drowning risk appears worthy of further testing, including the impact of temperature on both likelihood of consuming alcohol and amount of alcohol consumed at rivers, as well as other aquatic locations.
It must be noted that the maximum air temperatures reported in this study, do not take into account humidity. High humidity has the ability to dramatically increase how hot a day feels [64] . This is especially relevant to the Alligator Creek research site, which was located in northern Queensland. Capturing wet-bulb temperatures [65] to account for both air temperature and humidity should be incorporated into future studies examining alcohol consumption at rivers, although wet-bulb is not without its own limitations [66] .
Attitudes and behaviour
River users were significantly more likely to record a positive BAC and to drink at hazardous levels if they showed support for attitudinal questions around drinking alcohol while the skipper of a boat and drinking alcohol before swimming. Achieving attitudinal and behaviour change among this cohort is likely to prove challenging. Using established models around behaviour change such as the Transtheoretical model (TTM) [67] , a model of behaviour change that focuses on the readiness of the individual to change their behaviour, allow for a starting point at which to develop appropriate strategies. The authors postulate that river users who consume alcohol at hazardous levels in their daily life are likely at the precontemplation stage and are unaware of the potential increased risk of drowning their drinking may create. Such assumptions require further validation.
The consumption of alcohol (often to excess) and participation in recreational activities in and around the water appear to be an intrinsic part of Australian culture [52, 68] , meaning behaviours are deeply embedded and likely to take many years to change. A variety of strategies will be required to move people towards termination of consumption of alcohol at hazardous levels at rivers. Examining the psychological motivations underpinning such behaviours must form a vital component of any future research into river drowning and its prevention, to ensure appropriateness and efficacy of any intervention.
There were differences in attitudes towards acceptability of drinking and driving a motor vehicle and alcohol-related river usage among those surveyed. Of those surveyed, 7% agreed that it was okay to drink alcohol and drive a motor vehicle, 10% agreed it was okay to drink alcohol and operator a boat as skipper, 42% agreed it was okay to drink alcohol as a passenger on a boat and 21% agreed it was okay to drink alcohol before swimming. The authors posit such differences in attitude regarding alcohol use between road and river may be due to familiarity and understanding of the risks of drink-driving a motor vehicle due to exposure to advertising, as well as the visible police enforcement of legislation outlawing the behaviour through random breath testing, fines and prosecution [69] . While legislation already exists in seven of eight Australian states and territories (except the Northern Territory) regulating the operation of a powered vessel with a BAC ≥0.05%, enforcement is weak, in particular on rivers and outside metropolitan areas [5] . River drowning prevention practitioners should examine interventions that have been found to be successful in reducing injury due to alcohol in road traffic and explore if such strategies may be suitable for alcohol-related river drowning prevention.
Strengths and limitations
Exposure around aquatic activity is challenging to capture. This study is the first of its kind and fills an important knowledge gap regarding exposure and consumption of alcohol at rivers. This study uses subjective measures (questionnaire) and objective measures (BAC reading) and cases of fatal unintentional alcohol-related river drowning to explore risk. While subjective measures have limitations, using the objective measure of a BAC reading confirmed a link between self-reported behaviour and a contributory level of alcohol. This study has identified river users at increased risk of alcohol-related river drowning and, therefore, targets for future interventions to change such risky behaviour.
Responses are self-reported and may be subject to recall bias [70] , including questions on self-reported average daily alcohol consumption and alcohol consumption at 'risky levels' [71] . This is a limitation. Respondents may have also over-inflated their alcohol consumption when participating with their peers. As the research attracted media coverage (print, radio, television and online) the results may be subject to social desirability bias [72] . The survey was administered in English which may have impacted participation, particularly by those born outside Australia. The sample was a random convenience sample and therefore results represent the views of those attending the four river locations only. Caution should be used when extrapolating the results more broadly. Those in the study may have been subject to participation bias, with those more likely to drink, opting in; or those who didn't drink, thinking the study was not applicable to them. The BAC reading represents a single point in time only. Further research is required to validate these findings more widely. A further limitation of this study was that data on refusal rate were not recorded. Although 3.6% of fatal drowning in rivers with contributory levels of alcohol occurred in children 17 years and younger [11] , for ethical reasons, this study only included adults (18 years and older).
Conclusion
Rivers are the leading location for fatal unintentional drowning in Australia and alcohol has been identified as a risk factor. A triangulation approach was taken using fatal river drowning statistics, surveying and breathalysing, to identify those at increased risk of alcohol-related drowning. Those at increased risk are: rivers users aged 18-34 years, residents of inner regional and low socioeconomic areas, those who visit the river in the afternoon, with friends, and on days with higher maximum air temperatures, frequent river users (11+ times in the last 30 days) and those who spend longer in the water (301+ minutes). Prevention efforts should include targeting both males and females, and consideration of the role of warm weather, time of day, public holidays and those who consume alcohol to hazardous levels in daily life. This study addresses a gap in the published literature around river exposure and alcohol consumption.
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